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PREVENTION OF POST CMP DEFECTS IN CU/FSG PROCESS

FIELD OF THE INVENTION

The invention relates to the general field of semiconductor device manufacture with

particular reference to etching via holes and wiring channels in fluorine-bearing dielectrics,

followed by chem.-mech. polishing..

BACKGROUND OF THE INVENTION

As integrated circuits grow ever smaller and faster, delays associated with the

wiring, as opposed to the active devices, have become increasingly more important. To

i reduce said delays it is necessary to reduce the resistance of the wires and/or the
capacitance per unit length across the inter-metal dielectrics. Wire widths in integrated
circuits have, however, continued to shrink so the electrical conductivity of the wiring
material itself has become increasingly more important. Thus, aluminum, which has been
the metal of choice since the integrated circuit art began, is now being increasingly

replaced by copper.
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Similarly, silicon dioxide, which has been the inter-metal dielectric (IMD) of choice
since the integrated circuit art began, is now being increasingly replaced by new, low
dielectric constant materials. An example of the latter is fluorinated silicon glass (FSG)

which typically has a dielectric constant of about 3.5.

As might be expected, integrated circuits having both copper wiring and IMDs of
FSG are now in active development at many locations. Before copper could be introduced
into integrated circuits, one problem needed to be overcome, namely copper’s tendency
to be both a fast diffuser as well as a source of recombination centers in silicon. Although
a number of materials were known to be effective barriers against copper diffusion at or
near room temperature, they could not be relied upon when conventional multi-layering

was used because of the difficulty of adequately covering the wiring’s edges.

The wiring coverage problem was solved by the introduction of damascene wiring.
The term damascene when used in connection with integrated circuit wiring, refers to the
fact that a layer has been inlaid within a supporting medium, as opposed to being covered
by it. Thus, instead of the wiring being laid down on top of the IMD, a trench is first formed
in its surface and this trench then filled with copper. Lining the walls of the trench with a

barrier layer prior to filling in with copper then becomes a straightforward procedure.

FIG. 1a is a schematic illustration of a damascene connector. Seen there is an FSG
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layer 12 on a substrate 11. Via hole 31 was etched through the full thickness of layer 12
so as to expose substrate 11 which, in most cases, would be the upper surface of a
partially formed integrated circuit, and then just filled with copper material 31 (after laying
down barrier layer 14). The filling step is accomplished by initially over-filling with copper

and then removing the excess by means of chemical mechanical polishing (CMP).

Unfortunately, the fluoride ions in the FSG are not very strongly bound and a certain
amount of free fluorine is able to react with the copper during the CMP process, resulting
in the formation of defect structures 13 at the edges of the filled via hole, as illustrated

schematically in FIG. 1b.

The present invention describes a structure, and process for making it, which

overcomes this problem while still supporting copper damascene wiring on a FSG base.

A routine search of the prior art was performed with the following references of

interest being found:

US 6,008,120 (Lee) teaches use of the oxynitride ARC layer as the means for
keeping fluoride away from the metal used to fill a via. Although there is an oxide cap over
the oxynitride layer early in their process, they go to some trouble to selectively remove

it from over the site of the future via hole. In US 6,103,601, Lee et al. show how FSG films



TSMCO00-488

can be densified by hydrogen ion bombardment. The problem of etching a via hole

through the FSG layer, filling it with copper and then planarizing by CMP is not discussed.

In US 6,121,164, Yieh et al. are concerned with reducing stress in FSG layers.
One approach they suggest is an overlying USG capping layer. Cu CMP is not part of
their process. US 6,130,157 (Liu et al.), and US 6,136,680 (Lai et al.) show related
patents while US 6,150,272 (Liu et al.) show Cu CMP with FSG, using an organic layer

over the FSG layer.

SUMMARY OF THE INVENTION

It has been an object of the present invention to provide single and dual damascene

structures of copper and FSG.

Another object has been that said structures be free of defects near the copper-FSG

interface that arise from an interaction between fluorine and copper.

A further object has been to provide a process for manufacturing the structures.
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These objects have been achieved by laying down a layer of USG over the surface
of the FSG layer prior to patterning and etching the latter to form the via hole and (for a
dual damascene structure) the trench. After over-filling with copper, the structure is
planarized using CMP. The USG layer acts both to prevent any fluorine from the FSG
layer from reaching the copper and as an end-point detector during CMP. In this way

defects that result from copper-fluorine interaction do not form.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1aillustrates a typical single damascene structure of the prior art.

FIG. 1b shows how defects can form near the edges of the copper filler for

structures processed according to the teachings of the prior art.

FIGs. 2-5 show the manufacturing process and resuiting structure of a single

damascene connector made according to the teachings of the present invention.

FIGs. 6-9 show the manufacturing process and resuiting structure of a dual

damascene connector made according to the teachings of the present invention.
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DESCRIPTION OF THE PREFERRED EMBODIMENTS

The present invention is applicable to both single and dual damascene structures.
FiGs. 1a and 1b are examples of the former. Referring now to FIG. 2, the starting point
of the process of the present invention is the provision of FSG layer 12 on substrate 11.
This layer is deposited to a thickness between about 2,000 and 10,000 Angstroms and
contains between about 3 and 10 atomic % fluorine. Substrate 11 is usually (though not
necessarily) a partially formed integrated circuit. The part that is inside the via hole could

be a contact area on an active device or it could be wiring at the next level down.

Then, as a key feature of the present invention, layer 22 of undoped silicate glass
(USG) is deposited onto the upper surface of FSG layer 12. This layer is deposited to a
thickness between about 0.1 and 0.2 microns. lts deposition is achieved by means of
PECVD (plasma enhanced chemical vapor deposition) from silane or TEOS (tetra-ethyl-
ortho-silicate) at about 400 °C and it contains from O to about 2 atomic % fluorine. This is
followed by the deposition of silicon oxynitride layer 21 which will serve as an anti-
reflection coating (ARC). Then, using standard photolithographic processes, layers 21,
22, and 12 are patterned and then etched to form via hole 31 which extends as far layer

11. This is shown in FIG. 3.

Referring now to FIG. 4, the next step is the deposition of barrier layer 14 on all
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walls of the via hole. This layer is between about 50 and 500 Angstroms thick and could
be one of several possible materials such as tantalum, tantalum nitride, titanium nitride,
and titanium silicon nitride. This is followed by the deposition of a copper seed layer (not

shown) on barrier layer 14. Via hole 31 is then overfilled with copper 44, as shown.

Then, as seen in FIG. 5, CMP is used to remove the excess copper with material
removal continuing until USG layer 22 is reached. Note that, in addition to acting as a sink
for fluoride ions coming out of the FSG layer, USG layer 22 is also being used as an

optically based end-point detector for the CMP process.

The process of the present invention, as applied to a dual damascene structure,
begins as schematically illustrated in FIG. 6. This is similar to FIG, 2 except that silicon
nitride layer 66 has been deposited between substrate 11 and FSG layer 12. The
thickness of this layer is between about 300 and 1,000 Angstroms. As for the single
damascene case, USG layer 22 is deposited on the upper surface of FSG layer 12
followed by the deposition of silicon oxynitride layer 21, to a thickness between about 400

and 1,500 Angstroms, for use as an anti-reflection coating during photolithography.

The next step comprises patterning and then fully etching layers 21, 22, and partly
etching layer 12 to a depth of between about 0.2 and 2 microns, thereby forming trench

62 as shown in FIG. 7. Typically, the trench has a width between about 0.1 and 1 microns.
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A second patterning and etching step then follows during which layer 12 is further etched
down to the etch stop silicon nitride layer 66, to form via hole 61 which typically has a
width between about 0.1 and 0.6 microns and a depth between about 0.4 and 1 microns.
Silicon nitride layer 66 is then selectively removed, during the course of which silicon

oxynitride layer 21 also gets removed.

Referring now to FIG. 8, as was the case for the single damascene structure, barrier
layer 14 is the deposition on all walls of the trench and the via hole. This is followed by
the deposition of a copper seed layer (not shown) on barrier layer 14. Trench 62 and via

hole 61 are then overfilled with copper 44, as shown in FIG. 8.

Then, as seen in FIG. 9, CMP is used to remove the excess copper with material
removal continuing until USG layer 22 is reached. Note that, in addition to acting as a sink
for fluoride ions coming out of the FSG layer, USG layer 22 is also being used as an
optically based end-point detector since layer 14 is highly reflective while layer 22 is

transparent.

While the invention has been particularly shown and described with reference to
the preferred embodiments thereof, it will be understood by those skilled in the art that
various changes in form and details may be made without departing from the spirit and

scope of the invention. What is claimed is:
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